A new DOA estimation algorithm in coherent source is proposed. The proposed method has a low RMSE performance compared to the conventional MEVT and RECONSTRUCT. Specifically for near angles and correlated signal, this new method had better performance. To verify the theoretical analysis, computer simulations are implemented.
INTRODUCTION
The problem of direction-of -arrival (DOA) estimation has been intensively studied for a long period. Many DOA estimation algorithms have been proposed. Among them many are based on eigenstructure analysis [1] [2] [3] , which search for directions such that the steering vectors associated with these directions are orthogonal to the noise subspace. The most reprehensive one is the multiple signal classification (MUSIC) algorithm proposed by Schmidt in 1986 [4] . Its main advantage is a fine resolution angle that can discriminate two adjacent incident signals. However, when signals are correlated, the performance of the MUSIC algorithm is severely degraded. Under such conditions, maximum eigenvector Toeplitz (MEVT) algorithm and RECONSTRUCT stand out [5, 6] .
Based on maximum characteristic vector of the signal covariance matrix containing all the information in the signals. MEVT employs the maximum eigenvector of the signal covariance matrix to reconstruct the singular value decomposition matrix. RECONSTRUCT algorithm uses the Toeplitz formula to regain the full rank covariance matrix. Which is a widely used algorithm that exploits the estimated spatial covariance matrix. A carefully study of the behavior of the principal singular values motivated us to develop a new algorithm for DOA angle estimation. The proposed algorithm provides high resolution through improved Eigen values distribution and regaining full rank.
SIGNAL MODEL AND CONVENTIONAL ALGORITHMS
Considering a uniform linear array with M elements, the distance of the elements d is 0.5 wavelengths .Assume that on the array at time k is defined as [7] i k X( )
where the superscript T denotes a transpose,
is an matrix consisting of steering vectors, is the signal vector consisting of N different incidence signal, and is the white noise vector generated at each array element with a zero mean and variance of 
where d is distance between the arrays and λ is the wave length.
The covariance matrix of the array output signal is given by [7] :
where is a covariance matrix of the signal waveform, I is the identity matrix,
• denote expectation operator and Hermitian transpose, respectively.
For the coherent source with the correlation coefficient 1, [5] proposed the MEVT algorithm, this algorithm employed the which is the eigenvector corresponding to maximum eigen value of the R to construct matrix as follow: 
PROPOSED DOA ESTIMATION ALGORITHM
For the two stationary signal and , the correlation coefficient can be defined as
where * denote the conjugate operator. Base on Schwartz inequality, we get | | ik 1 ρ ≤ , so the correlation between signals is defined as follows:
From Eq.(10), we can know that when N signals are coherence, the difference between them is only a complex constant
where i α is coherence factor, in this case, 
The eigenvector corresponding to the maximum eigenvalue of R is the linear combination of other eigenvector [8] . In order to further improve the eigen value distribution, as [6] done, we can reconstruct
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where e is the ith element in e . Then we can employ conventional MUSIC algorithm on . z
The implementation of the new algorithm is summarized as follow.
Step 1) reconstruct another covariance matrix according to 1 Step 2) Derive the eigenvector with respect to the maxim-R
.
um eigenvalue of .
1
Step 3) construct the new array matrix according to R z (15).
Step 4) based on MUSIC algorithm, compute the spatial spectrum of .
Z 4. PERFORMANCE ANALYSIS AND SIMULATIONS
In this section, we devise several simulation scenarios to verify the validity of the proposed algorithm. We also compare the proposed algorithm with the MEVT and the RECONSTRUCT algorithm.
In all the simulations, the root-mean-square-error (RMSE) is calculated as
where θ is the true DOA and ˆi θ represents the estimated value of the DOA of the ith trial, N is the trial sequence number.
In order to further verify the superiority of the proposed algorithm, we define the sharp factor (SF) as follow:
where p represents the normalized spatial spectrum vector, peak represents the peak vector in the normalized spatial spectrum. Sum denotes the summation operation. From the(17), we can clearly find that the greater the SF is, the sharper the spatial spectrum is.
A. Comparison with the MEVT and RECONSTRUCT in adjacent incidence angle and low SNR enviroment.
In this simulation, we consider 8 array elements where inter-element spacing is the half wavelength of the carrier frequency, two coherence narrowband sources with identical power equal to 1dB are assumed to impinge the array from 40 and with the frequencies of 0.3, 0.2, normalized to the sampling frequency, respectively. The noise at each antenna elements is assumed to be additive white Gaussian with zero mean and variance equal to Corresponding to this situation, the SFs of three algorithms are 0.0553, 0.0561, and 0.2662, from MEVT to proposed algorithm, respectively. Fig. 2 shows the RMSE versus the varied SNR when the number of snapshot is fixed to 500. It is observed that the performance of all the algorithms are ameliorated as SNR increases. But the proposed algorithm has the lower RMSE than the other two algorithms.
B. Comparison with the MEVT and RECONSTRUCT in far incidence angles enviroment.
In this simulation, we evaluate the performance of the algorithms when SNR=3dB, incident angle are 30 and 50 .
o o
The other simulation parameters are identical to those in the previous simulation. Fig. 3 presents the spatial normalized spectrum under this situation. It is clearly found all of three algorithms can correctly estimate the signal directions, but the spatial spectrum of proposed algorithm become more acute and with higher resolution.
Under this situation, the SFs of three algorithms are 0.2736, 0.2752, and 0.5585, from MEVT to proposed algorithm, respectively. Which further verify the result in Fig. 3 .
To see more clearly the performance of the proposed algorithm and other two algorithms under this situation, we DOA estimate spatial spectrum for two coherent signals having S/R of 1dB from and . DOA estimate spatial spectrum for two coherent signals having SNR of 3dB from and . Fig. 4 . The number of snapshot is fixed to 500. It is observed that the performance of all the algorithms are ameliorated as SNR increases. Compare to MEVT and RECONSTRUCT, from Fig.4 we can find the proposed algorithm reduces the RMSE.
C.
Comparison with the MEVT and RECONSTRUCT in three incident signals enviroment. In this situation, we evaluate the performance of algorithms, three coherence narrowband signal sources impinge the array from , and 60 with frequencies of 0.3, 0.2, and 0.1, normalized to the sampling frequency, respectively. The other simulation parameters are identical to the situation A.
o o Fig. 5 shows the spatial spectrum of the various algorithms, it is observed that spurious peaks appear in the RECONSTRUCT spectrum. Both Proposed and MEVT spectrum can work, but proposed spectrum is more acute than MEVT. The corresponding SFs are 0.0559, 0.3137, and 0.8058. From RECONSTRUCT to proposed algorithm, Respectively. That means the proposed spectrum has the highest resolution in three of them. Fig.6 shows the corresponding RMSE of the various algorithms versus the SNR, it is observed that the proposed algorithm performs better than other two algorithms.
D.
Complexity analysis . As the last part of this section, we compare the complexity for the three algorithms. For the RECONSTRUCT algorithm, the complexity of reconstruct covariance matrix is ,using the fast subspace decomposition technique [9] , the eigen decomposition cost . It requires
( -) M M N computing the spatial spectrum. Therefore, the total computational complexity of this method is .
From the steps of the proposed method, it is clearly find that the complexity of proposed method is 
O NM
( ) M M P − computing the spatial spectrum. Add the eigen-decomposition, the total computational complexity is .
− To more clearly compare the complexity of the various algorithms , we fix the M =8, and plot the computational complexity for N=2, N=3,N=4 respectively in Fig.7 . Fig.8 gives the complexity for M varied from 6 to 8, when N is fixed to 2 . We can find the MEVT algorithm has the smallest computational complexity among the three algorithms. However, compare to the performance, for the proposed method, computational complexity is not a big deal. Computational complexity with N varied from 2 to 4,while M=8, for three algorithms. Computational complexity with M varied from 6 to 8,when N=2, for three algorithms.
5.CONCLUSION
This paper proposed a high resolution DOA estimation algorithm in the case of coherent incidence signals. The appealing advantages of the proposed algorithm lie in its higher resolution and lower RMSE, which results in reconstructing the covariance matrix to improve the eigenvalue distribution and the final full rank decomposition matrix. Simulations have demonstrated validity and superiority of the new algorithm.
